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(54) Optical transmission system including performance optimization 



(57) Vulnerability of an optical network to channel 
impairments or the like, is addressed by utilizing real- 
time monitoring and control of one or more prescribed 
optical channel impairments. The one or more impair- 
ments are compensated for by employing an optimiza- 
tion process in the optical network such that the optical 
signals from the source or sources of the impairments 
are controllably adjusted at any particular node in the 
network. In a specific embodiment of the invention, the 
optical signals are attenuated more or less at the source 
node of the associated optical channel, e.g., wavelength 
A,, in orderto optimize performance of the corresponding 
optical channel in the network. This is realized by em- 
ploying a variable optical attenuator at the X laser source 
of optical channel having the impairment. More specifi- 
cally, in a particular embodiment of the invention, the 
optical signal impairment is measured at a receiving 
node and the source node of the associated optical 
channel is determined. Then, a control message is 
transmitted to the identified source node indicating that 
a variable optical attenuator associated with the corre- 
sponding optical channel light source, e.g., X laser 
source, is to be adjusted to insert more or less attenua- 
tion as the case may be. This measurement and adjust- 
ment process is iterated until the corresponding optical 
channel yields optimum performance for the impairment 
being measured. 
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Description 
Technical Field 

[0001] This invention relates to optical transmission s 
systems and, more particularly, to performance optimi- 
zation of optical channels in optical transmission sys- 
tems. 



Background of the Invention 



w 



[0002] Optical transmission systems and, especially, 
those employing Wavelength Division Multiplexing 
(WDM) are desirable because they provide extremely 
wide bandwidths for communications channels. Each 15 
communications channel in the WDM transmission sys- 
tem carries a plurality of optical channels, i.e., wave- 
lengths, on a single optical fiber and single optical re- 
peater. However, there is a trade off between providing 
wider bandwidth communications channels, with their 20 
lower cost of transport, and their vulnerability to channel 
impairments or the like that corrupt the quality of trans- 
mission. Therefore, the ability of an optical transmission 
system, for example, those employing WDM, to mini- 
mize the effects of channel impairments and other signal 25 
corrupting mechanisms on the optical communications 
services is extremely important. 

Summary of the Invention 

30 

[0003] Vulnerability of an optical network to channel 
impairments or the like, is addressed by utilizing real- 
time monitoring and control of one or more prescribed 
optical channel impairments. The one or more impair- 
ments are compensated for by employing an optimiza- 35 
tion process in the optical network such that the optical 
signals from the source or sources of the impairments 
are controllably adjusted at any particular node in the 
network. In a specific embodiment of the invention, the 
optical signals are attenuated more or less at the source 40 
node of the associated optical channel, e.g., wavelength 
X, in order to optimize performance of the corresponding 
optical channel in the network. This is realized by em- 
ploying a variable optical attenuator at the X laser source 
of .optical channel having the impairment. 45 
[0004] More specifically, in a particular embodiment 
of the invention, the optical signal impairment is meas- 
ured at a receiving node and the source node of the as- 
sociated optical channel is determined. Then, a control 
message is transmitted to the identified source node in- so 
dicating that a variable optical attenuator associated 
with the corresponding optical channel light source, e. 
g., X laser source, is to be adjusted to insert more or less 
attenuation as the case may be. This measurement and 
adjustment process is iterated until the corresponding 55 
optical channel yields optimum performance for the im- 
pairment being measured. In this embodiment of the in- 
vention, the control messages are transmitted in an op- 



tical supervisory channel. 

[0005] In another embodiment of the invention, a VOA 
in a remote node associated with the X laser source of 
the associated optical channel is first adjusted. There- 
after, if necessary, a VOA in the local node associated 
with the optical channel being monitored is adjusted to 
further optimize the prescribed metric of the optical 
channel being monitored. This adjustment of the local 
VOA is iterated until the performance of the associated 
channel is optimized. 

[0006] In still another embodiment of the invention, ei- 
ther a VOA in a remote node associated the X laser 
source of the associated optical channel adjusted or a 
VOA at a local node associated with the received pre- 
scribed optical channel is adjusted or both VOAs are ad- 
justed depending on an evaluation of the prescribed 
metric of the prescribed optical channel to optimize the 
prescribed metric of the prescribed optical channel. 
[0007] In yet another embodiment of the invention a 
VOA in a remote node associated with the A. laser source 
of the associated optical channel adjusted and a VOA 
at a local node associated with the received prescribed 
optical channel are substantially simultaneously adjust- 
ed to optimize the prescribed metric of the prescribed 
optical channel. 

[0008] A technical advantage of the invention is that 
the transmission performance of the one or more optical 
channels is optimizes in substantially real time. 

Brief Description of the Drawing 

[0009] 

FIG. 1 illustrates, in simplified block form, details of 
an optical ring transmission system; 
FIG. 2 illustrates, in simplified block diagram form, 
details of an optical node, including an embodiment 
of the invention, that may be employed in the sys- 
tem of FIG. 1; 

FIG. 3 shows, in simplified block diagram form de- 
tails of a terminal equipment unit that may be em- 
ployed in the optical nodes of FIG.2 and FIG. 6; 
FIG. 4 shows, in simplified block diagram form de- 
tails of another terminal equipment unit that may be 
employed in the optical nodes of FIG.2 and FIG. 6; 
FIG. 5 is a flow chart illustrating the steps used in 
implementing optical channel optimization in the 
embodiment of the invention employing the optical 
node of FIG. 2; 

FIG. 6 illustrates, in simplified block diagram form, 
details of another optical node, including an embod- 
iment of the invention, that may be employed in the 
system of FIG. 1; 

FIG. 7 is a flow chart illustrating the steps used in 
implementing one process for optical channel opti- 
mization in the embodiment of the invention em- 
ploying the optical node of FIG. 6; 
FIG. 8 is a flow chart illustrating the steps used in 
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implementing another process for optical channel 
optimization in the embodiment of the invention em- 
ploying the optical node of FIG. 6; and 
FIG. 9 is a flow chart illustrating the steps used in, 
implementing yet another process for optical chan- 
nel optimization in the embodiment of the invention 
employing the optical node of FIG. 6. 

Detailed Description 

[0010] FIG. 1 shows, in simplified form, bi-directional 
optical transmission system 100, which is connected in 
a ring configuration. For brevity and clarity of exposition 
optical transmission system 100 is shown as including 
only optical nodes 101 through 104, each incorporating 
an embodiment of the invention. Optical nodes 101 
through 104 are interconnected by bi-directional optical 
transmission medium 105, which for brevity and clarity 
of exposition, in this example, transport active service 
transmission capacity. In this example, optical transmis- 
sion medium 105 is comprised of optical fibers 106 and 
107. It should be noted that bi-directional optical trans- 
mission system 1 00 typically would employ either a two 
(2) optical fiber or a four (4) optical fiber system. In a 
preferred embodiment of the invention, transmission 
medium 1 05 includes two (2) optical fibers, fiber 1 06 and 
fiber 107 that are employed for transporting optical 
channels, i.e., wavelengths, and also protection, optical 
channels. The optical transmission system 100 could 
transport, for example, 8, 16, 32, 40, 80, etc. communi- 
cations channels, i.e., wavelengths. It should also be 
noted that in either the two (2) optical fiber arrangement 
or the four (4) optical fiber arrangement a separate so- 
called telemetry, e.g., supervisory, channel could be em- 
ployed as a maintenance channel, in addition to the 
communications channels. Thus, in an eight (8) channel 
system, nine (9) channels are transported, in a 16 chan- 
nel system, 1 7 channels are transported and so on. The 
supervisory channel provides maintenance support of 
the optical network including optical nodes 1 02 through 
1 04, as well as, optimization information for use in nodes 
1 01 though 1 04 to optimize transmission over the optical 
wavelengths in optica! transmission system 1 00. Use of 
the supervisory channel in transporting the optimization 
information in order to optimize of the optical wave- 
lengths in optical transmission system 100 is described 
below. Additionally, the maintenance information, as 
well as, the optimization information could be transport- 
ed in-band in the channel overhead. Indeed, so long as 
the desired information is appropriately supplied it does 
not really matter what medium is employed to transport 
it. in-band, out-of-band. telemetry channel, supervisory 
channel, channel overhead, or the like. Two (2) and four 
(4) optical fiber transmission systems are known. 
[0011] FIG. 2 illustrates, in simplified block diagram 
form, details of individual ones of optical nodes 1 01 -1 04, 
each including an embodiment of the invention, that may 
be employed in the system of FIG. 1 . At the outset, it is 



noted that for simplicity and clarity of exposition this em- 
bodiment will be described in terms of one optical chan- 
nel, i.e., wavelength, for each direction of transmission. 
However, it will be apparent that the invention is equally 

5 applicable to a plurality of optical channels, i.e., wave- 
lengths, being received and transmitted to and from the 
optical node. Specifically, an optical signal received 
from the east via optical fiber 1 06 is supplied to optical 
demultiplexer (DMUX) 201 . The received optical signal 

10 is a wave division multiplexed (WDM) optical signal and 
typically includes a set of N wavelengths (te), wherein 
N=0, 1,... N, and an optical supervisory channel. Such 
WDM optical signals including an optical supervisory 
channel are well known in the art. A demultiplexed X of 

'5 the received optical signal from DEMUX 201 is supplied 
via optical path 202 to terminal equipment 203, while the 
demultiplexed optical supervisory channel is supplied 
via optical path 204 to controller 205. A multiplexed op- 
tical signal to be supplied as an output to the east is 

20 supplied from optical multiplexer (MUX) 209 to east 
bound optical fiber 107. Similarly, an optical signal re- 
ceived from the west via optical fiber 1 07 is supplied to 
optical demultiplexer (DMUX) 206. Again, the received 
optical signal is a wave division multiplexed (WDM) op- 

25 tical signal and typically includes a set of N wavelengths 
(Xs) 

and an optical supervisory channel. A demulti- 
plexed X of the received optical signal is supplied from 
DMUX 206 via optical path 207 to terminal equipment 
30 203, while the demultiplexed optical supervisory chan- 
nel is supplied via optical path 208 to controller 205. A 
multiplexed optical signal to be supplied as an output to 
the west is supplied from optical multiplexer (MUX) 21 0 
to west bound optical fiber 106. 
35 [0012] User unit 211 receives detected received sig- 
nals from terminal equipment 203 and supplies signals 
to be transported over the optical network to terminal 
equipment 203. Details of terminal equipment 203 are 
shown in FIGs. 3 and 4 and described below. Terminal 
40 equipment 203 also supplies versions of the received 
optical signals to monitor 212. Monitor 212 includes ap- 
paratus for obtaining measures of prescribed signal 
transmission metrics, for example, bit-error-rate (BER), 
signal-to-noise ratio, cross talk, or the like. Arrange- 
rs ments for obtaining measurement of such metrics are 
well known in the art. For example, cross talk may be 
evaluated by employing an optical spectrum analyzer to 
observe a desired optical channel, i.e., wavelength, and 
an adjacent optical channel, i.e., wavelength. The re- 
50 suits of these measurements are supplied from monitor 
21 2 to controller 205 where they are included in a control 
message to be included in a supervisory channel for 
transmission to a node including the source of the cor- 
responding optical channel that is being monitored. The 
55 optical supervisory channel including the resulting con- 
trol message is supplied via path 21 3 to MUX 209 where 
it is multiplexed with other optical channels to be sup- 
plied to east bound optical fiber 107. Similarly, the opti- 
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cal supervisory channel including the resulting control 
message is supplied via path 214 to MUX 210 where it 
is multiplexed with other optical channels to be supplied 
to west bound optical fiber 1 06. The s upervisory channel 
including the control message of the optical channel be- s 
mg monitored is demultiplexed at a node including the 
source of the optical channel. Utilizing the instant node 
for purposes of explanation, the incoming WDM optical 
signal including an optical supervisory channel from the 
east is demultiplexed in DEMUX 201 and the control 10 
message is supplied via path 204 to controller 205 Sim- 
ilarly, an incoming optical WDM optical signal including 
an optical supervisory channel from the west is demul- 
tiplexed in DEMUX 206 and the control message is sup- 
Plied via path 208 to controller 205. In response to the is 
supplied control messages, controller 205 supplies cor- 
responding control messages to each of variable optical 
attenuators 215 and 216. Variable optical attenuators 
21 5 and 21 6 are adjusted accordingly and, consequent- 
ly optical channels signals supplied from terminal 20 
equipment 203 are attenuated more or less as indicated 
by the supplied control messages. A corresponding ad- 
justed optical channel is supplied from VOA 21 5 to mul- 
tiplexer (MUX) 21 0 to be multiplexed with the optical su- 
pervisory channel including the VOA control message 25 
from controller 205 for transmission in the west bound 
direction over optical fiber 1 06. Similarly, a correspond- 
ing adjusted optical channel is supplied from VOA 216 
to multiplexer (MUX) 209 to be multiplexed with the op- 
tical supervisory channel including the VOA control 30 
message from controllers for transmission in the east 
bound direction over optical fiber 1 07. 
[0013] The above described performance optimiza- 
tion process of monitoring a particular optical channel 
generating a VOA control message, transmitting the 35 
control message, in this example, over the optical su- 
pervisory channel to a source node including the source 
of the optical channel being monitored, and adjusting 
the VOA at the source node is iterated until the perform- 
ance of the optical channel being monitored has been 40 
optimized. Indeed, the transmission performance of the 
one or more optical channels is thereby optimized in 
substantially real time. This performance optimization 
process for the embodiment shown in FIG. 2 is shown 
m FIG. 5 and described below. 45 
[0014] FIG. 3 shows, in simplified block diagram form 
details of a terminal equipment unit 203 that may be em- 
ployed in the optical nodes of FIG. 2 and FIG. 6. Spe- 
cifically, shown are detectors 301 and 303 that are sup- 
plied optical signals from user unit 211 . These optical so 
signals are a prescribed wavelength employed by user 
unit 211. Detectors 301 and 303 convert the optical sig- 
nals from user unit 211 into electric signals. The electri- 
cal signals from detectors 301 and 303, in turn are sup- 
plied to drive lasers 302 and 304, respectively, to yield ss 
appropriately modulated optical signals at the optical 
channel wave length X v that are supplied via paths 2 1 7 
and 218 to VOA 215 and VOA 216, respectively Also 



shown, are detectors 303 and 304 that detect optical sig- 
nals supplied via paths 207 and 208, respectively, at the 
optical channel X to yield electrical versions thereof 
These detected electrical signals from detectors 303 
and 304 are supplied to drive lasers 306 and 308 re- 
spectively and are also supplied via path 220 to monitor 
212. The optical signal outputs from lasers 306 and 308 
are at a prescribed wavelength expected by user unit 
211 and are supplied to user unit 211 and via path 219 
to monitor 212. 

[0015] FIG. 4 shows, in simplified block diagram form 
details of another terminal equipment unit 203 that may 
be employed in the optical nodes of FIG.2 and FIG 6 
Equipment elements that are the same as those shown 
and described above in relationship to FIG. 3 have been 
similarly numbered and will not be described in detail 
again. The differences being the equipment arrange- 
ment shown in FIG. 3 and that shown in FIG. 4 is that 
the optical channel signals supplied via paths 202 and 
207 are supplied directly via path 220 to monitor 212 
and the electrical signal outputs from detectors 305 and 
307 are not shown as being supplied to monitor 212 
This allows for monitoring the optical channel signals di- 
rectly m optical form. This may be done, in one example 
by employing an optical spectrum analyzer or other op- 
tical metnc measuring equipment. It should be noted 
however, that the electrical signal outputs form detec- 
tors 305 and 307 may also be supplied to monitor 212 
in other implementations. 

[0016] FIG. 5 is a flow chart illustrating the steps used 
m implementing optical channel optimization in the em- 
bodiment of the invention employing the optical node of 
FIG. 2. Specifically, the performance monitoring proc- 
ess of the optical channels is started in step 501 If 
should be noted that the monitoring process may be in- 
itiated by a user via user unit 211 (FIG. 1)supplying an 
appropriate initiation signal to controller 205 or automat- 
ically in response to detection of some performance 
metric being outside acceptable criteria, for example 
some characteristic limit or threshold value, that could 
include upper and lower limits, or the like. Step 502 ini- 
tializes to an optical channel, i.e., wavelength, to be per- 
formance monitored, i.e., evaluated. In this example the 
wavelength is set to X = 1 . Thereafter, step 503 evaluates 
a prescnbed performance metric of the wavelength As 
indicated, the metric being evaluated may be bit-error- 
rate (BER), signal-to-noise (S/N) ratio, cross talk or the 
like. It is noted that if the predetermined metric being 
evaluated is cross talk that an optical spectrum analyzer 
may be advantageously employed in monitor 21 2 (FIG 
2), and terminal equipment 203 as shown in FIG 3 
would be employed to supply the incoming optical chan- 
nels, i.e., wavelengths X, to monitor 212. By way of an 
example, cross talk is measured by employing an optical 
spectrum analyzer (OSA), which yields a measurement 
of the average power spectrum of an incoming optical 
channel. The spectral region of interest is selected by 
the MUX and DEMUX filters at the remote node at which 
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the optical originated. These filters have a finite band- 
width, chosen to encompass the entire spectral range 
that carries the optical channel being evaluated. It is 
these filters that allow transmission of the undesired 
cross talk that is manifested by a perturbation in the 
measured optical spectrum. Usually, the largest contrib- 
utors of cross talk are caused by optical channel sources 
adjacent to the optical source for the optical channel un- 
der evaluation. However, it is possible that other, nearby 
optical sources may also contribute cross talk. In such 
an instance, the measured spectral region can be wid- 
ened to capture such nearby optical sources. Then, con- 
trol is passed to step 504 that tests to determine whether 
the predetermined metric is within acceptable criteria. If 
the test result in step 504 is YES, control is transferred 
to step 505. If the test result in step 504 is NO, step 506 
determines the source node including the optical chan- 
nel, i.e., A. laser source, being monitored. This is readily 
realized by employing a map, typically stored in control- 
ler 205 (FIG. 2), of the originating and terminating nodes 
of the optical channel, i.e., wavelength A., or optical 
channels, i.e., wavelengths X N , being evaluated. Step 
507 causes a message to be sent to the determined 
source node, in this example, via a control message in 
an optical supervisory channel, in order to adjust a VOA 
associated with the A. laser source. Then, step 508 de- 
termines whether the associated VOA has been adjust- 
ed. This may be realized by the node including the A. 
laser source sending an acknowledge message via the 
optical supervisory channel to the node that is monitor- 
ing the performance of the optical channel. If the test 
result in step 508 is NO, control is returned to step 507 
and steps 507 and 508 are iterated until step 508 yields 
a YES result and an acknowledgment that the associ- 
ated VOA has been adjusted. Upon step 508 yielding a 
YES result, step 509 evaluates the predetermined met- 
ric being monitored. Then, step 510 tests to determine 
whether the metric is within acceptable criteria. If the 
test result in step 510 is NO, control is returned to step 
507 and appropriate ones of steps 507 through 510 are 
iterated until step 510 yields a YES result. Upon step 
510 yielding a YES result, control is also transferred to 
step 505. Step 505 tests to determine if the X = N, i.e., 
whether the last X in a set has been evaluated. If the test 
result in step 505 is NO, step 511 setsk=A,+1 and control 
is returned to step 503. Thereafter, appropriate ones of 
steps 503 through 511 are iterated until step 505 yields 
a YES result. Then, the process is ended in step 512. 
In this manner the optimization process effectively opti- 
mizes the one or more optical channels in essentially 
real time. 

[0017] FIG. 6 illustrates, in simplified block diagram 
form, details of another optical node, including an em- 
bodiment of the invention, that may be employed in the 
system of FIG. 1 . The elements of the optical node of 
FIG. 6 that are identical to those of the optical node of 
FIG. 2 have been similarly numbered and will not be de- 
scribed again. The differences between the optical node 



of FIG. 2 and the optical node of FIG. 6 are the use of 
so-called local VOA 601 and so-called local VOA 602 in 
the incoming optical paths 202 and 207, respectively. 
VOA 601 and VOA 602 are controlled in response to 
5 appropriate control messages from controller 205. 
[001 8] FIG. 7 is a flow chart illustrating the steps used 
in one process for implementing optical channel optimi- 
zation in the embodiment of the invention employing the 
optical node of FIG. 6. Specifically, the performance 
io monitoring process of the optical channels is started in 
step 701 . If should be noted that the monitoring process 
may be initiated by a user via user unit 21 1 (FIG. 1 ) sup- 
plying an appropriate initiation signal to controller 205 
or automatically in response to detection of some per- 
'5 formance metric being outside acceptable criteria. Step 
702 initializes to an optical channel, i.e., wavelength, to 
be performance monitored, i.e., evaluated. In this exam- 
ple the wavelength is set to X =1. Thereafter, step 703 
evaluates a prescribed performance metric of the wave- 
length, as described above in relationship to FIG. 5. 
Step 704 tests to determine whether the predetermined 
metric is within acceptable criteria. If the test result in 
step 704 is YES, control is transferred to step 705. If the 
test result in step 704 is NO, step 706 determines the 
source node including the optical channel, i.e., A, laser 
source, being monitored, as described above in relation- 
ship to FIG. 5. Step 707 causes a message to be sent 
to the determined source node, in this example, via a 
control message in an optical supervisory channel, in 
order to adjust a VOA associated with the X laser source 
at a remote node. Then, step 708 determines whether 
the associated VOA has been adjusted. This may be 
realized by the node including the X laser source send- 
ing an acknowledge message via the optical superviso- 
ry channel to the node that is monitoring the perform- 
ance of the optical channel. If the test result in step 708 
is NO, control is returned to step 707 and steps 707 and 
708 are iterated until step 708 yields a YES result and 
an acknowledgment that the associated remote VOA 
has been adjusted. It should be noted that the adjust- 
ment of the remote VOA should significantly optimize 
the predetermined metric being monitored. Upon step 
708 yielding a YES result, step 709 evaluates the pre- 
determined metric being monitored. Then, step 710 
tests to determine whether the predetermined metric is 
within acceptable criteria. If the test result in step 710 is 
NO, control is returned is passed to step 711 which 
causes a control message to be sent to a local VOA, for 
example, VOA 601 , associated with the X source being 
monitored. Then, step 71 2 tests to determine if the local 
VOA has been adjusted. If the test result in step 712 is 
NO, control is returned to step 711 and steps 711 and 
712 are iterated until step 712 yields a YES result. 
Thereafter, control is returned to step 709 and steps 709 
through 712 are iterated until step 710 yields a YES re- 
sult. Upon step 71 0 yielding a YES result, control is also 
transferred to step 705. Step 705 tests to determine if 
the A,= N, i.e., whether last A. in a set has been evaluated. 
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If the test result in step 705 is NO, step 71 3 sets X=X+^ 
and control is returned to step 703. Thereafter, appro- 
priate ones of steps 703 through 713 are iterated until 
step 705 yields a YES result. Then, the process is ended 
in step 714. 

[001 9] Thus, it is seen that in the embodiment of FIG. 
6, an adjustment of the remote VOA associated with the 
X laser source being monitored is first made. Thereafter, 
if necessary, a local VOA associated with the X laser 
source being monitored is adjusted until the predeter- 
mined metric being monitored is optimized. In this man- 
ner the optimization process effectively optimizes the 
one or more optical channels in essentially real time. 
[0020] It should be noted that although in the process 
described in FIG. 7, the remote VOA is adjusted first and 
the local VOA is adjusted therefore, it will be apparent 
that the local VOA could equally be adjusted first and 
the remote VOA thereafter. Indeed, any desired adjust- 
ment scheme could be employed. For example, adjust- 
ments could alternate between the local and remote 
VOAs. 

[0021] FIG. 8 is a flow chart illustrating the steps used 
in another process for implementing optical channel op- 
timization in the embodiment of the invention employing 
the optical node of FIG. 6. Specifically, the performance 
monitoring process of the optical channels is started in 
step 801 . If should be noted that the monitoring process 
may be initiated by a user via userunit211 (FIG. 1)sup- 
plying an appropriate initiation signal to controller 205 
or automatically in response to detection of some per- 
formance metric being outside acceptable criteria. Step 
802 initializes to an optical channel, i.e., wavelength, to 
be performance monitored, i.e., evaluated. In this exam- 
ple the wavelength is set to X =1 . Thereafter, step 803 
evaluates a prescribed performance metric of the wave- 
length, as described above in relationship to FIG. 5. 
Step 804 tests to determine whether the predetermined 
metric is within acceptable criteria. If the test result in 
step 804 is YES, control is transferred to step 805. If the 
test result in step 804 is NO, step 806 determines it the 
metric being monitored is substantially acceptable. That 
is, step 806 determines whether or not the metric is with- 
in a prescribed boundary for the metric being monitored. 
In effect, this step 806 determines whether a significant 
or, merely, a finer adjustment is required to optimize the 
optical channel. If the test result in step 806 is YES only 
a trimming up type adjust may be required and control 
is transferred to step 812. If the test result in step 806 
is NO, a more significant adjustment may be required 
and control is transferred to step 807. Step 807 deter- 
mines the source node including the optical channel, i. 
e., X laser source, being monitored, as described above 
in relationship to FIG. 5. Step 808 causes a message to 
be sent to the determined source node, in this example, 
via a control message in an optical supervisory channel, 
in order to adjust a VOA associated with the X laser 
source at a remote node. Then, step 809 determines 
whether the associated VOA has been adjusted. This 



may be realized by the node including the X laser source 
sending an acknowledge message via the optical super- 
visory channel to the node that is monitoring the per- 
formance of the optical channel. If the test result in step 
5 809 is NO, control is returned to step 808 and steps 808 
and 809 are iterated until step 809 yields a YES result 
and an acknowledgment that the associated remote 
VOA has been adjusted. It should be noted that the ad- 
justment of the remote VOA should significantly opti- 
10 mize the prescribed metric being monitored. Upon step 
809 yielding a YES result, step 81 0 evaluates the pre- 
scribed metric being monitored. Then, step 811 tests to 
determine whether the prescribed metric is within ac- 
ceptable criteria. If the test result in step 811 is NO, con- 
's trol is returned is passed to step 812 which causes a 
control message to be sent to a local VOA, for example, 
VOA 601 , associated with the X source being monitored. 
Then, step 813 tests to determine if the local VOA has 
been adjusted. If the test result in step 81 3 is NO, control 
20 is returned to step 812 and steps 813 and 813 are iter- 
ated until step 813 yields a YES result. Thereafter, con- 
trol is returned to step 810 and steps 810 through 813 
are iterated until step 811 yields a YES result. Upon step 
811 yielding a YES result, control is also transferred to 
25 step 805. Step 805 tests to determine if the X = N, i.e., 
whether last X in a set has been evaluated. If the test 
result in step 805 is NO, step 814 sets and control 
is returned to step 803. Thereafter, appropriate ones of 
steps 803 through 814 are iterated until step 805 yields 
30 a YES result. Then, the process is ended in step 815. 
[0022] Thus, it is seen that in the embodiment of FIG. 
6, the process illustrated in FIG. 8 may cause an adjust- 
ment to be first made of the remote VOA associated with 
thel laser source being monitored and thereafter, if nec- 
35 essary, a local VOA associated with the X laser source 
being monitored is adjusted until the prescribed metric 
being monitored is optimized. Alternatively, under cer- 
tain condition it may only be necessary to adjust only 
one of the VOAs, for example, only the local VOA may 
40 be adjusted or only the remote VOA may be adjusted. 
In this manner the optimization process effectively opti- 
mizes the one or more optical channels in essentially 
real time. 

[0023] FIG. 9 is a flow chart illustrating the steps used 
45 in yet another process for implementing optical channel 
optimization in the embodiment of the invention employ- 
ing the optical node of FIG. 6. Specifically, the perform- 
ance monitoring process of the optical channels is start- 
ed in step 901. If should be noted that the monitoring 
50 process may be initiated by a user via user unit 21 1 (FIG. 
1) supplying an appropriate initiation signal to controller 
205 or automatically in response to detection of some 
performance metric being outside acceptable criteria. 
Step 902 initializes to an optical channel, i.e., wave- 
55 length, to be performance monitored, i.e., evaluated. In 
this example the wavelength is set to X =1. Thereafter, 
step 903 evaluates a prescribed performance metric of 
the wavelength, as described above in relationship to 
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FIG. 5. Step 904 tests to determine whether the pre- 
scribed metric is within acceptable criteria. If the test re- 
sult in step 904 is YES, control is transferred to step 905. 
If the test result in step 904 is NO, step 906 determines 
the source node including the optical channel, i.e., X la- 
ser source, being monitored, as described above in re- 
lationship to FIG. 5. Step 907 causes a message to be 
sent to the determined source node, in this example, via 
a control message in an optical supervisory channel, in 
order to adjust a VOA associated with the X laser source 
at a remote nod and a message to be sent to adjust a 
local VOA associated with the optical channel being 
monitored. Thus, it is seen that in this embodiment the 
remote VOA and the local VOA are adjusted simultane- 
ously. Then, step 908 determines whether the associat- 
ed VOAs have been adjusted. This may be realized by 
the node including the X laser source sending an ac- 
knowledge message via the optical supervisory channel 
to the node that is monitoring the performance of the 
optical channel. The node including the local VOA 
makes its own determination if the local VOA has been 
adjusted. If the test result in step 908 is NO, control is 
returned to step 907 and steps 907 and 908 are iterated 
until step 908 yields a YES result and acknowledgments 
that the associated VOAs have been adjusted. It should 
be noted that the adjustment of the remote VOA should 
significantly optimize the prescribed metric being mon- 
itored. Upon step 908 yielding a YES result, step 909 
evaluates the prescribed metric being monitored. Then, 
step 910 tests to determine whether the prescribed met- 
ric is within acceptable criteria. If the test result in step 
910 is NO, control is returned is returned to step 907 
and steps 907 through 910 are iterated until step 910 
yields a YES result. Upon step 910 yielding a YES result, 
control is also transferred to step 905. Step 905 tests to 
determine if the X = N/i.e., whether the last X in a set 
has been evaluated. If the test result in step905 is NO, 
step 91 1 sets X=X+1 and control is returned to step 903. 
Thereafter, appropriate ones of steps 903 through 911 
are iterated until step 905 yields a YES result. Then, the 
process is ended in step 912. 

[0024] Thus, it is seen that in the embodiment of FIG. 
6, via the process illustrated in FIG. 9, both the remote 
VOA and local VOA are adjusted simultaneously. In this 
manner the optimization process effectively optimizes 
the one or more optical channels in essentially real time. 
[0025] It should be further noted, that if the simulta- 
neous adjustment of both the remote VOA and local 
VOA does not yield a desired optimization of the optical 
channel one or more of the processes described above 
in relationship with FIGs. 5, 7 and 8 made be utilized, 
as desired. For example, after the simultaneous adjust- 
ment of the remote and local" VOAs, if it were desirable 
only to further adjust the remote VOA, steps 507 through 
51 0 of FIG. 5 could be used. Similarly, if it were desirable 
only to further adjust the local VOA, steps 709 through 
712 of FIG. 7 could be used. Finally, if it were desirable 
to further adjust the remote VOA, the local VOA or both 



VOAs, steps 806 though 813 of FIG. 8 could be used. 
[0026] The above-described embodiments are, of 
course, merely illustrative of the principles of the inven- 
tion. Indeed, numerous other methods or apparatus 
5 may be devised by those skilled in the art without de- 
parting from the invention. For example, the particular 
order that the local and remote VOAs associated with a 
particular optical channel are adjusted may vary from 
application to application. 

10 

Claims 

1 . A method for use in an optical transmission system 
15 • for optimizing optical channel performance com- 
prising the steps of: 

(a) selecting a received prescribed optical 
channel having a prescribed optical wave- 

20 length; 

(b) a first step of evaluating a predetermined 
transmission performance metric of said select- 
ed prescribed optical channel; 

(c) a first step of determining if said prescribed 
25 metric under evaluation is within acceptable cri- 
teria; 

(d) if not, generating a first control message to 
adjust at least a first controllable optical power 
adjustment unit associated with said selected 

30 prescribed optical channel; and 

(e) supplying said first control message to 
cause said first controllable power adjustment 
unit to adjust in such a manner as to optimize 
said prescribed metric of said selected pre- 

35 scribed optical channel. 

2. The method as defined in claim 1 further including 
the steps of (f) a second step of evaluating said pre- 
determined transmission performance metric of 

40 said selected prescribed optical channel, (g) a sec- 
ond step of determining if said prescribed metric un- 
der evaluation is within acceptable criteria, and (h) 
if not, repeating steps (d) through (h) until said pre- 
scribed metric is within acceptable criteria, wherein 

45 performance of said selected prescribed optical 
channel is optimized. 

3. The method as defined in claim 2 wherein said op- 
tical transmission system transports one or more 

50 optical channels each having a prescribed wave- 
length, and further including steps of (i) determining 
if said selected prescribed optical channel having 
been optimized is the last of said one or more optical 
channels and, if not, (j) selecting another prescribed 

55 ' optical channel having another prescribed optical 
wavelength and repeating steps (b) through (j) until 
step (i) indicates that the last one of said selected 
prescribed optical channels has been optimized. 



13 



EP1 134 925 A2 



14 



4. The method as defined in claim 2 further including 
steps of determining if said first controllable optical 
power adjustment unit has been adjusted and, if 
not, supplying said first control message and deter- 
mining whether said first controllable optical power 
adjustment unit has been adjusted, until it is deter- 
mined that said first controllable optical power ad- 
justment unit has been adjusted. 

5. The method as defined in claim 1 further including 
steps (k) in which, if said first step of determining 
indicates that said metric is not within acceptable 
criteria, determining a source node including a laser 
source for said prescribed optical wavelength of 
said selected prescribed optical channel, (I) insert- 15 
ing said first control message in a prescribed optical 
channel and (m) transmitting said prescribed optical 
channel to said source node. 
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6. The method as defined in claim 5 wherein said pre- 20 
scribed optical channel is a supervisory optical 
channel. 

7. The method as defined in claim 5 wherein said pre- 
scribed optical channel includes an overhead por- 25 
tion and wherein said first control message is insert- 
ed into a field in said overhead portion of said pre- 
scribed optical channel. 

8. The method as defined in claim 5 wherein said op- 30 
tical transmission system transports one or more 
optical channels each having a prescribed wave- 
length and said first controllable power adjustment 
unit includes a first variable optical attenuator, and 
further includes steps of (n) receiving said pre- 35 
scribed optical channel, (0) utilizing said first control 
message to adjust an attenuation value of said first 
variable optical attenuator in a direction toward op- 
timizing performance of said selected prescribed 
optical channel, (p) determining if said selected pre- 40 
scribed optical channel having been optimized is 
the last of said one or more optical channels and, if 
not, (q) selecting another prescribed optical chan- 
nel having another prescribed optical wavelength 
and repeating steps (b) through (e) and (k) through 45 
(q) until step (p) indicates that the last one of said 
selected prescribed optical channels has been op- 
timized. 

9. The method as defined in claim 8 further including so 
steps of determining if said first variable optical at- 
tenuator has been adjusted and, if not, transmitting 
said first control message and determining whether 
said first variable optical attenuator has been ad- 
justed, until it is determined that said first variable 55 
optical attenutorhas been adjusted. 

10. The method as defined in claim 1 further including 



the steps of, (r) if said first step of determining indi- 
cates that said metric is not within acceptable crite- 
ria, determining a source node including a laser 
source for said prescribed optical wavelength of 
said selected prescribed optical channel, said first 
controllable power adjustment unit being associat- 
ed with said prescribed optical wavelength laser 
source, (s) a second step of evaluating said prede- 
termined transmission performance metric, (t) a 
second step of determining if said predetermined 
transmission performance metric is within said pre- 
scribed criteria, (u) if the result of step (t) is NO, gen- 
erating a second control message, (v) supplying 
said second control message to adjust a second 
controllable power unit associated with said select- 
ed prescribed optical channel toward optimizing 
said predetermined transmission performance met- 
ric. 

1 1 . The method as defined in claim 1 0 wherein said op- 
tical transmission system transports one or more 
optical channels each having a prescribed wave- 
length, and further including repeating steps (s) 
through (v) until said prescribed metric is within said 
acceptable criteria, (w) determining if said pre- 
scribed optical channel having been optimized is 
the last of said one or more optical channels, if not, 
(x) selecting another prescribed optical channel 
having another prescribed optical wavelength and 
repeating steps (b) through (e) and (r) through (x) 
until step (w) indicates that the last one of said pre- 
scribed optical channels has been optimized. 

12. The method as defined in claim 1 further including 
the steps of, (aa) a second step of evaluating said 
predetermined transmission performance metric, 
(bb) a second step of determining if said predeter- 
mined transmission performance metric is within 
said prescribed criteria, (cc) if the result of step (dd) 
is NO, determining a source node including a laser 
source for said prescribed optical wavelength of 
said selected prescribed optical channel, (ee) gen- 
erating a second control message, (ff) transmitting 
said second control message to adjust a second 
controllable power unit associated with said pre- 
scribed optical wavelength laser source toward op- 
timizing said predetermined transmission perform- 
ance metric. 

13. The method as defined in claims 1 0 and 12 wherein 
said at least first controllable optical power adjust- 
ment unit is a first variable optical attenuator and 
said at least second controllable power adjustment 
unit is a second variable optical attenuator, and fur- 
ther including steps of utilizing said first control mes- 
sage to adjust an attenuation value of said first var- 
iable optical attenuator in a direction toward bring- 
ing said prescribed metric under evaluation within 
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said acceptable criteria and utilizing said second 
control message to adjust an attenuation value of 
said second variable optical attenuator in a direction 
toward bringing said prescribed metric within said 
acceptable criteria. 

1 4. The method as defined in claim 1 2 wherein said op- 
tical transmission system transports one or more 
optical channels each having a prescribed wave- 
length, and further including repeating steps (aa) 
through (ff) until said prescribed metric is within said 
acceptable criteria, and including steps of (gg) de- 
termining if said prescribed optical channel having 
been optimized is the last of said one or more optical 
channels and, if not, (hh) selecting another pre- 
scribed optical channel having another prescribed 
optical wavelength and repeating steps (b) through 
(e), (r) and (aa) through (hh) until step (gg) indicates 
that the last one of said prescribed optical channels 
has been optimized. 

15. Apparatus for use in an optical transmission system 
for optimizing optical channel performance com- 
prising: 

an optical demultiplexer for obtaining one or 
more received prescribed optical channels 
each having a different optical wavelength; 
a monitor for evaluating a prescribed perform- 
ance metric of said one or more received pre- 
scribed optical channels and for determining 
whether said prescribed performance metric 
being evaluated for a selected one of said pre- 
scribed optical channels is within acceptable 
criteria; and 

a controller, responsive to an indication from 
said monitor'that said prescribed performance 
metric is not within said prescribed criteria, for 
generating a control message to control adjust- 
ment of a first controllable optical power adjust- 
ment unit associated with said selected pre- 
scribed optical channel toward bringing said 
prescribed metric within said acceptable crite- 
ria, and supplying said first control message to 
said first controllable optical power adjustment 
unit associated with said selected prescribed 
optical channel, whereby transmission per- 
formance of said selected prescribed optical 
channel is optimized. 

16. The invention as defined in claim 15 wherein said 
controller is equipped to determine a source node 
including a laser source of said prescribed optical 
wavelength of said selected prescribed optical 
channel, and including an optical multiplexer for 
multiplexing said first control message into an opti- 
cal signal to be transmitting to said source node. 



17. The invention as defined in claim 16 wherein said 
controller is further equipped to insert said control 
message into an optical supervisory channel and 
wherein said multiplexer multiplexes said optical 

s supervisory channel into said optical signal. 

18. The invention as defined in claim 16 wherein said 
prescribed optical channel includes an overhead 
portion and wherein said controller is further 

1° equipped to insert said first control message into a 
field in said overhead portion of said prescribed op- 
tical channel. 

19. The invention as defined in claim 15 further includ- 
es ing a second controllable optical power unit associ- 
ated with said received prescribed optical channel, 
and said controller, in response to the results of said 
evaluating and determining whether said pre- 
scribed metric is within acceptable criteria, gener- 
ic ates a second control message for controlling said 

second controllable optical power adjustment unit 
in a manner toward bringing said prescribed metric 
within said acceptable criteria. 

25 20. The invention as defined in claim 19 wherein said 
first controllable optical power adjustment unit is a 
first variable optical attenuator, said second control- 
lable optical power adjustment unit is a second var- 
iable optical attenuator, said first variable optical at- 

30 tenuator is associated with a laser source at a 
source node, said controller being responsive to an 
. indication from said monitor that said prescribed 
metric is not within said acceptable criteria, deter- 
mining a source node including a laser source as- 

35 sociated with said selected prescribed optical chan- 
nel and said optical multiplexer transmitting said 
first control message in an optical signal to said 
source node for controlling said first optical attenu- 
ator. 



40 



45 



50 



21 . The invention as defined in claim 20 wherein an at- 
tenuation value of said first variable optical attenu- 
ator is adjusted in response to said first control mes- 
sage toward bringing said prescribed metric within 
said acceptable criteria and an attenuation value of 
said second variable optical attenuator is adjusted 
in response to said second control message toward 
bringing said prescribed metric within said accept- 
able criteria. 

22. The invention as defined in claim 15 wherein said 
optical demultiplexer is a first optical demultiplexer, 
said monitor is a first monitor and said controller is 
a first controller in a first node, and further including 
in said first node a first optical multiplexer for multi- 
plexing said first control message into an optical sig- 
nal to be transmitted to said source node; and at 
said source node including a second optical demul- 
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tiplexer for obtaining a first control message from 
an incoming optical signal, a laser source for gen- 
erating a prescribed optical wavelength for a pre- 
scribed optical channel, a second controller sup- 
plied with said first control message for generating 5 
an adjustment control message, and a first control- 
lable optical power adjustment unit associated with 
said laser source and being responsive to said con- 
trol message to adjust output light power from said 
laser source in a direction toward optimizing a pre- to 
determined performance metric for said prescribed 
optical channel, whereby said performance of said 
prescribed optical channel is optimized. 

23. The invention as defined in claim 22 wherein said is 
first controller is equipped to insert said first control 
message into an optical supervisory, channel and 
wherein said first multiplexer multiplexes said opti- 
cal supervisory channel into said optical signal. . 

20 

24. The invention as defined in claim 23 further includ- 
ing at said first node a second controllable optical 
power unit associated with said prescribed optical 
channel, and wherein said first controller in re- 
sponse to the results of said evaluating and deter- 25 
mining whether said prescribed metric is within ac- 
ceptable criteria generates a second control mes- 
sage for controlling said second controllable optical 
power adjustment unit in a manner toward bring 
said prescribed metric within said acceptable crite- so 
ria. 



25. The invention as defined in claim 24 wherein said 
second controllable optical power adjustment unit 
is a second variable optical attenuator, an attenua- 
tion value of said second variable optical attenuator 
is adjusted in response to said second control mes- 
sage toward bringing said prescribed metric within 
acceptable criteria. 



35 



40 



26. The invention as defined in claim 24 wherein said 
first controllable optical power adjustment unit is a 
first variable optical attenuator, an attenuation value 
of said first variable optical attenuator is adjusted in 
response to said first control message toward bring- 45 
mg said prescribed metric within acceptable criteria 
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